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doi:10.1016/j.gmbhs.2011.12.001Abstract Intestinal parasitic infections have been reported in persons with human immuno-
deficiency virus (HIV)/AIDS. This study aimed to determine the prevalence of intestinal para-
sitic infections in HIV-infected patients on highly active antiretroviral therapy (HAART) in Benin
City, Nigeria. A total of 285 (84 male and 201 female) HIV-infected adults in the course of
HAART were enrolled. Blood and stool specimens were collected from each participant and
processed using standard procedures. CD4 count < 200 cells/mL and diarrhea were significant
risk factors for acquiring intestinal parasitic infections in HIV-positive patients.Anemia was
significantly associated with intestinal parasitic infections. Ascaris lumbricoides, hookworm
and Strongyloides stercoralis were the only intestinal parasites recovered. We showed a low
prevalence (5.3%) of intestinal parasitic infections among HAART patients. Opportunistic
coccidia were not detected in this study. Routine diagnosis of intestinal parasites among
HIV-infected patients on HAART is advocated.
Copyright ª 2011, Taiwan Genomic Medicine and Biomarker Society. Published by Elsevier
Taiwan LLC. All rights reserved.Introduction
Since the first case of AIDS was diagnosed in 1986, the
infection has subtly but progressively been transmittednt of Medical Laboratory
iences, University of Benin,
com (F.O. Akinbo).
an Genomic Medicine and Biomawithin various communities and populations.1 Many studies
have associated intestinal parasitic infections with human
immunodeficiency virus (HIV) in developed and developing
countries.2 Individuals with HIV/AIDS are threatened by
many diseases including those caused by different kinds of
biological agents.3 People with HIV infection are vulnerable
to opportunistic infections and malignancies that take
advantage of the opportunity offered by a weakened
immune system.4 Intestinal parasitic infections have beenrker Society. Published by Elsevier Taiwan LLC. All rights reserved.
120 F.O. Akinbo, R. Omoregiereported in persons with HIV/AIDS,5e8 although the preva-
lence varies depending on location, age of the study pop-
ulation, stage of disease, and laboratory methods used.9
Several intestinal parasites such as Entamoeba histo-
lytica, Giardia intestinalis, Cryptosporidium spp., Isospora
belli, Cyclospora cayetanensis, Microsporidium spp.,
Ascaris lumbricoides, Trichuris trichiura, Strongyloides
stercoralis, and hookworm have been implicated in HIV
infection.10 With the advent of highly active antiretroviral
therapy (HAART) in 1996, to control HIV infection as well
as improving the immune system of these patients,
reduced occurrence of enteroparasitic infections has been
observed.11 Data are lacking on the prevalence of intestinal
parasitic infections in HIV-infected persons on HAART in Edo
State, Nigeria. This study aimed to determine the preva-
lence of intestinal parasitic infections in HIV-infected
patients on HAART in Benin City, Nigeria.
Materials and methods
Study population
The study was carried out between July 2010 and June 2011
at the University of Benin Teaching Hospital, Benin City,
Nigeria e a teaching hospital with a referral status and
a center for the United States President’s Emergency Plan
for AIDS Relief (PEPFAR). A total of 285 (84 male and 201
female) HIV-infected adults in the course of HAART for 3e6
months were enrolled. The age of the participants ranged
from 20 to 66 years. A structural questionnaire was
administered to collect characteristics of potential risk
factors of the patients. Informed consent was obtained
from all study participants. The study was approved by the
Ethics Committee of the University of Benin Teaching
Hospital.
Specimen collection and processing
Blood and stool specimens were collected from each
participant. The blood specimens were placed in an EDTA
container, and the stool specimens were collected in
a clean wide-mouthed container. The blood samples were
analyzed for CD4þ T lymphocyte cell count using flow
cytometry (Partec Gmbh, Germany). Briefly, 20 mL CD4
phycoerythrin antibody was placed into a Partec test tube
and 20 mL well mixed whole EDTA blood specimen was
added. The content was mixed gently and allowed to stand
in the dark for 15 minutes at room temperature. This
mixture was agitated during incubation every 5 minutes.
Eight hundred microliters of CD4 buffer solution was added
to the mixture of antibody and blood specimen and mixed
gently. This was then plugged for counting. The blood
sample was further analyzed for hemoglobin concentration
using a Sysmex kx-21 autoanalyzer (Sysmex Corporation,
Kobe, Japan). Anemia was defined according to World
Health Organization criteria.12 For male patients, hemo-
globin < 13 g/dL and for females, < 12 g/dL.
The freshly voided stool specimens were processed using
the formol-ether concentration method and examined
microscopically for intestinal parasites as previously
described.8 Briefly, about 1 g of feces was emulsified in4 mL formol saline and agitated. The mixture was sieved.
To the filtrate, 4 mL diethyl ether was added and agitated.
The mixture was spun at 3000 rpm for 1 minute. The fecal
debris on the side of the tube was detached with the aid of
a plastic pipette and the supernatant discarded. From this
sediment, saline and iodine mounts were prepared and
examined for the presence of parasites. Following this,
each fresh stool sample was preserved in 10% formol saline.
From this, a concentrated smear was made on a grease-free
slide and stained by a modified ZiehleNeelsen staining
technique for the detection of oocysts of Cryptosporidium
spp., I. belli and C. cayetanensis as previously described.8
The spores of Microsporidia spp. were detected by Ryan’s
modified trichrome stain as described previously.13
Statistical analysis
The data were analyzed using the c2 test to compare the
frequency data. The odds ratio (OR) was calculated for
each potential risk factor. The software INSTAT (GraphPad
Software Inc., La Jolla, CA, USA) was used in all statistical
analyses.
Results
CD4 count < 200 cells/mL was a significant risk factor for
acquiring intestinal parasitic infections in HIV-positive
patients (ORZ 9.750; 95% confidence intervalZ
3.27e29.04; p< 0.0001). Sex was not significantly associ-
ated with intestinal parasitic infections. Anemia was
significantly associated with intestinal parasitic infections
(ORZ 8.629; 95% confidence intervalZ 1.91e39.0;
p< 0.0023) (Table 1). A. lumbricoides, hookworm, and
S. stercoralis were the only intestinal parasites recovered
in this study. A. lumbricoides infection was significantly
associated with CD4 count < 200 cells/mL (pZ 0.0002).
Anaemia was not significantly associated with the parasitic
infections observed. Generally, more female subjects
(nZ 11; 5.5%) were infected with intestinal parasites than
their male counterparts (nZ 4; 4.8%). More females (nZ 9)
than males (nZ 3) were infected with A. lumbricoides
(Table 2).
Discussion
This study showed a low prevalence (5.3%) of intestinal
parasitic infections among patients receiving HAART. The
prevalence of intestinal parasitic infections in this study
was lower than that reported in other studies on HAART-
naı¨ve HIV patients.8,14e17 In Nigeria, the prevalence of
intestinal parasitic infection among HAART-naı¨ve HIV
patients has been reported as 15.3e42.9%,8,15,16 whereas
among non-HIV patients, a prevalence of 3.9e6.2% has
been reported.8,18 HAART has been reported to improve
immune status, thereby preventing the occurrence of
opportunistic parasitic infections.19 This may explain the
lower prevalence observed in this study. CD4 count
< 200 cells/mL was significantly associated with intestinal
parasitic infections (p< 0.0001). Although HAART improves
immunity, HIV patients on HAART with CD4 count
Table 1 Effect of risk factors on the prevalence of intestinal parasites in HIV patients on HAART.
Characteristics No. tested No. with infection (%) OR 95% CI p value
CD4 counts (cells/mL)
< 200 45 9 (20.0) 9.750 3.27, 29.04 <0.0001*
 200 240 6 (2.5)
Sex
Male 84 4 (4.8) 0.864 0.27, 2.79 0.807
Female 201 11(5.5)
Diarrhea
Yes 108 11 4.905 1.52, 15.82 0.0085*
No 177 4
Anemia
Yes 129 13 (10.1) 8.629 1.91, 39.0 0.0023*
No 156 2 (1.3)
CIZ confidence interval; HAARTZ highly active antiretroviral therapy; HIVZ human immunodeficiency virus; ORZ odds ratio.
* p< 0.05.
Intestinal parasites in HIV-infected persons on HAART 121< 200 cells/mL are still prone to intestinal parasitic infec-
tions. Cellular immunity is the major defense against
intestinal parasitic infections20 and CD4 count < 200 cells/
mL predisposes HIV-infected persons to opportunistic
infections.21
Sex did not affect the prevalence of intestinal parasitic
infections in the present study. A finding that is inconsistent
with previous reports.22 In the present study, diarrhea
was significantly associated with intestinal parasitic infec-
tions (p< 0.0085). This finding agrees with previous
reports.8,23e25 Anemia was significantly associated with
intestinal parasitic infections (p< 0.0023). Although HAART
has been reported to improve hematocrit and hemoglobin
levels,19 anemia has been reported among HIV patients on
HAART.26 The cause of anemia in HIV-positive patients is
multifactorial and includes infections, neoplasm, dietary
deficiencies, blood loss, medications and antibodies to
antiretroviral agents.27,28 This may explain the finding in
the present study.
A. lumbricoides, hookworm and S. stercoralis were the
only parasites recovered in this study. Similar parasites as
well as others have been reported among HIV patients on
HAART.2 The finding that A. lumbricoides was the mostTable 2 Prevalence of intestinal parasites in relation to risk fa
Organism Characteristics numb
CD4 counts < 200 (nZ 45) CD4 c
Ascaris lumbricoides 7 (15.6) 5 (2.1
Hookworm 1 (2.2) 1 (0.4
Strongyloides stercoralis 1 (2.2) 0
Anemia (nZ 129) Non-a
A. lumbricoides 10 (7.8) 2 (1.3
Hookworm 2 (1.6) 0
S. stercoralis 1 (0.8) 0
Male (nZ 84) Fema
A. lumbricoides 3 (3.6) 9 (4.5
Hookworm 1 (1.2) 1 (0.5
S. stercoralis 0 1 (0.5
* p< 0.05.prevalent parasite did not agree with a previous report that
had S. stercoralis as the predominant parasite among HIV
patients on HAART.2 The difference may have been due to
geographical location, because the previous study was
carried out in Brazil, whereas our study was done in Nigeria.
CD4 count < 200 cells/mL resulted in significantly higher
prevalence of A. lumbricoides (pZ 0.0002). The finding in
the present study disagrees with that of Akinbo et al.8 The
reason could be that the latter study was in HAART-naı¨ve
HIV patients. Opportunistic coccidian parasitic infections e
cryptosporidiosis, microsporidiosis and isosporiasis e were
not detected in the present study. This agrees with the
study of Bachur et al,2 with the exception of isosporiasis.
Use of more than one antiretroviral medication has been
reported to be associated with clearance of Enter-
octytozoon bieneusi29 and may be responsible for the
nondetection of opportunistic coccidian parasites. The
parasitic agents recovered were associated with anemia,
although the numbers were not statistically significant.
More females (nZ 9) than males (nZ 3) were infected with
A. lumbricoides.
In conclusion, the study showed a low prevalence (5.3%)
of intestinal parasitic infections among patients receivingctors.
er (%) OR 95% CI p value
ounts  200 (nZ 240)
) 8.658 2.61e28.69 0.0002*
) 5.432 0.33e88.53 0.720
16.213 0.65e404.72 0.347
nemia (nZ 156)
) 4.349 0.93e20.23 0.0824
4.191 0.20e88.15 0.563
2.498 0.10e61.90 0.3623
le (nZ 201)
)
)
)
122 F.O. Akinbo, R. OmoregieHAART. CD4 count < 200 cells/mL, as well as diarrhea, was
significantly associated with intestinal parasitic infections.
A. lumbricoides, hookworm and S. stercoralis were the
only parasites recovered in this study. Opportunistic cryp-
tosporidiosis, microsporidiosis and isosporiasis were not
detected. Routine diagnosis of intestinal parasites among
HIV-infected patients on HAART is advocated.
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